The hydrodistilled leaf essential oil (EO) of Tagetes patula L. was analyzed by GC-FID and GC-MS. The main components of the oil were characterized as caryophyllene oxide (18.4%), β-caryophyllene (18.0%) and spathulenol (9.1%). The EO was screened for its biting deterrent activity against Aedes aegypti L. using the in vitro K&D module system. T. patula EO exhibited good biting deterrent activity. The results suggest that these sesquiterpenes may contribute to biting deterrent activity, but the role of minor components cannot be excluded. T. patula EO also showed 100, 90 and 10% mortality at dosages of 125, 62.5 and 31.25 ppm, respectively, in 1-day-old larvae of Ae. aegypti.
Mosquitoes are vectors of several disease causing pathogens. Aedes aegypti L. is known to carry dengue, zika and yellow fever. Dengue fever and yellow fever can cause severe human morbidity and mortality. The ideal method for controlling mosquitoes is through the use of larvicides targeting the breeding places. Due to continuous chemical use, mosquitoes have developed resistance against many currently used commercial pyrethroids [1] . Therefore, there is an urgent need to search and identify new effective alternatives to control these vectors. Botanical pesticides are promising because they are effective, environment-friendly and easily biodegradable Tagetes L., a genus of about 55 species, belongs to the family Asteraceae. Tagetes species, commonly known as "marigold", are grown for ornamental purposes all over the world. Phytochemical investigation of several species resulted in the isolation of more than one hundred secondary metabolites, some of which have potent biological activities [2] Tagetes species are native to Central America, but are important ornamental plants throughout the world [3] . The plant is a source of important carotenoid compounds e.g. helenian and xanthophyll [4] . Other classes of secondary metabolites isolated are thiophene derivatives [5] [6] [7] [8] , benzofuran derivatives [6, 7, [9] [10] , alkaloids [11] , and flavonoids [5, [12] [13] [14] [15] . T. patula L. is an annual plant that has been used in folk medicine for treatment of colic, diarrhea, vomiting, fever, skin diseases and hepatic disorders [16] .
Although T. patula essential oil (EO) was previously investigated against three mosquito species [17] , its biting deterrent activity has not yet been explored. Therefore, in this study, we investigated. for the first time, the biting deterrent activity of T. patula leaf EO against Ae. aegypti.
The chemical composition of T. patula EO was analyzed by GC-FID and GC-MS. Fifty compounds were characterized, representing 92.4% of the oil. The major components present were caryophyllene oxide (18.4%), β-caryophyllene (18.0%) and spathulenol (9.1%) ( Table 1) . Romagnoli et al. [18] reported piperitone (24.7%), piperitenone (22.9%), terpinolene (7.8%), and dihydrotagetone (4.9%) as the major components of wild Indian T. patula EO, while Rondon et al. [2] found piperitone (33.8%), trans-β-ocimene (14.8%), terpinolene (13.9%) and β-caryophyllene (9.6%) as major components of T. patula EO from the Venezuelan Andes ( Table 2 ). The composition of this EO sample differs from those reported in the above two studies. Since the composition of EOs varies depending on many factors including plant and leaf age, crop stage, harvesting conditions and environmental factors, the chemical profile of the EO from the same plant may vary depending on the source of the samples [19] . This variation in chemical profile will affect the biological activity of EOs extracted from the plants grown under different environmental conditions.
In biting deterrent bioassays, T. patula EO at 10 µg/cm 2 showed activity above that of the solvent control ( Figure 1 ). However, this activity was significantly lower than that of DEET (N,N-diethyl-3methylbenzamide), which was used as positive control, at 4.8 µg/cm 2 (Figure 1 ). Gillija et al. [20] reported repellent activity of the EO of T. minuta and T. pusilla against mosquitoes. Spathulenol, one of the major compounds present in this EO and (E)-nerolidol, which is present in smaller percentage, showed high biting deterrent activity (Ali personal communications). Similarly, hexadecanoic acid, which forms 2.6% of the oil, had shown high activity [21] . According to the authors, the activity of this oil may be due to a major compound or the mixture of compounds present in this oil.
In a larivicidal bioassay, T. patula EO showed 100, 90 and 10% mortality at dosages of 125, 62.5 and 31.25 ppm, respectively, NPC Natural Product Communications 2016 Vol. 11 No. 10 1535 -1538 [17] reported an LC 50 of 13.6 ppm of the EO extracted from fresh foliage of T. patula against Ae. aegypti; this is more toxic than the sample tested in this study. Perich et al. [22] reported an LC 50 value of 47 ppm of T. patula extract against 3 rd instar Ae. aegypti larvae whereas flower and root extracts of T. minuta showed LC 50 values of 1.2 and 3.9 ppm. Macedo et al. [23] found that the extract of T. minuta was most active, with an LD 50 value of 1 ppm, whereas the extract of T. patula showed 65% mortality at a dose of 100 ppm. Extracts of T. minuta were reported to comprise thiophene derivatives and the strong larvicidal activity was probably due to these [24, 25] , whereas thiophenes were not present in either T. patula extract or the EO. β-Caryophyllene and caryophyllene oxide, which are the major compounds of the present EO, have been reported to exhibit medium larvicidal activity with LC 50 values of 26 ppm and 29.8 ppm, respectively, against 1-day-old Ae. aegypti larvae at 24-h post treatment [26] . Presence of these compounds may have contributed to the activity of the EO. Insecticidal activity and chemical composition of marigold species were reported to vary depending on geographic location, growing conditions, plant parts from which they were extracted and plant developmental stage, as well as solvents used for extraction and isolation methods [27] . 
In conclusion it can be stated that T. patula EO is rich in active compounds. Some of these sesquiterpenes, like spathulenol, show promise for development as repellents or biopesticides. Further studies are needed to evaluate the activity of the compounds present in this oil. 
Experimental

Plant material:
The leaves from T. patula were collected from El Nil public garden, Beni Suef, Egypt. A voucher specimen (# 28) was deposited at the herbarium of the Faculty of Pharmacy Herbarium, Anadolu University, Eskisehir, Turkey.
Isolation of the EOs:
Air dried leaves from T. patula were water distilled for 3 h using a Clevenger-type apparatus to produce an EO at a yield of 0.2%.
GC-MS analysis:
GC-MS analysis was carried out with an Agilent 5975 GC-MSD system. An Innowax FSC column (60 m x 0.25 mm, 0.25 m film thickness) was used with helium as carrier gas (0.8 mL/min). The GC oven temperature was kept at 60C for 10 min and programmed to 220C at a rate of 4C/min, and kept constant at 220C for 10 min and then programmed to 240°C at a rate of 1°C/min. Split ratio was adjusted at 40:1. The injector temperature Tagetes patula EO (10) Tagetes patula essential oil Natural Product Communications Vol. 11 (10) 2016 1537 was set at 250C. Mass spectra were recorded at 70 eV. Mass range was from m/z 35 to 450. GC analysis: GC analysis was carried out using an Agilent 6890N GC system, with a FID detector temperature of 300C. To obtain the same elution order with GC-MS, simultaneous auto-injection was done on a duplicate of the same column applying the same operational conditions. Relative percentage amounts of the separated compounds were calculated from FID chromatograms.
Identification of components:
Identification of the EO components was carried out either by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) with a series of n-alkanes. Computer matching against commercial (Wiley GC/MS Library, Adams Library, MassFinder 3 Library) [30, 31] and in-house "Başer Library of EO Constituents" built up of genuine compounds and components of known oils, as well as MS literature data [32, 33] was used for the identification.
Insects: Aedes aegypti used in larvicidal and biting deterrence bioassays was from a laboratory colony maintained at the Mosquito and Fly Research Unit at the Center for Medical, Agricultural and Veterinary Entomology, United States Department of Agriculture, Agriculture Research Service, Gainesville, Florida since 1952 using standard procedures. Mosquitoes were reared to the adult stage by feeding the larvae on a larval diet of 2% slurry of 3:2 Beef Liver powder (Now Foods, Bloomingdale, Illinois) and Brewer's yeast (Lewis Laboratories Ltd., Westport, CT). Mosquitoes were kept in an environment controlled room at a temperature of 27°C ± 2°C and 60 ± 10% RH in a photoperiod regimen of 12:12 (L: D) h. The adults were fed on cotton pads moistened with 10% sucrose solution placed on the top of screens of 4-L cages.
Mosquito biting bioassays:
Bioassays were conducted using a sixcelled in vitro Klun & Debboun (K & D) module bioassay system developed by Klun et al. [34] for quantitative evaluation of biting deterrent properties of candidate compounds. The K & D system consists of a six-well reservoir with each of the 4 x 3 cm wells containing 6 mL of feeding solution. Details of the feeding solution are described by Ali et al. [27] . Stock and dilutions of all EO and DEET were prepared in ethanol. The EO was evaluated at a dose of 10 µg/cm 2 and DEET at a concentration of 4.8 µg/cm 2 as positive control. Treatments were prepared fresh at the time of bioassay.
The test compounds and controls were randomly applied to six 4 x 3 cm marked portions of nylon organdy strip, which was positioned over the six, membrane-covered wells. A Teflon separator was placed between the treated cloth and module. Females were starved by removing the diet 24-h before the bioassay. A six-celled K & D module containing five 10-18 d-old females per cell was positioned over the 6 wells, trap doors were opened and mosquitoes allowed access for a 3 min period, after which they were collected back into the module. Mosquitoes were squashed and the presence of florescent dye (or not) in the gut was used as an indicator of feeding. Five replicates were conducted per day using new batches of mosquitoes in each replication Larval bioassays: Bioassays were conducted by using the bioassay system described by Ali et al. [27] to determine the larvicidal activity of EO of T. patula against Ae. aegypti. Five 1-day-old larvae were transferred to each well of 24-well tissue culture plates in a 30-40 µL droplet of water. Fifty µL of larval diet (2% slurry of 3:2 Beef Liver powder and Brewer's yeast and 1 mL of deionized water were added to each well by using a Finnpipette stepper (Thermo Fisher, Vantaa, Finland). All EOs to be tested were diluted in dimethyl sulfoxide (DMSO). Larval mortality was recorded 24-h post treatment. Larvae that showed no movement in the well after manual disturbance were recorded as dead.
Data analyses:
Proportion not biting (PNB) was calculated using the following formula:
Total number of females biting Total number of females PNB values were analyzed using the ANOVA procedure of SAS [35] , and means were separated using the Ryan-Einot-Gabriel-Welsch Multiple Range Test. Larval mortality was converted into percentage.
